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This research grant was init iated on Augus t  1, 1964 and was funded 

tkough ~ ~ l y  31, 1968 as fouows: 

t o t a l  - per annuool 

TotalGrant . . . . . . . . . . . . . . . $16, 713 -25 

However, the grant was extended through July 31, 1 5 0  Without additional 

funding. 

A wide spectrum of research problems has been tackled under the 

general heading of s t a t i s t i ca l  eval-tion of the coqposition, pmsical  

properties, and surface configuration of te r res t r ia l  t es t  s i tes  and their 

correlation with remotely-sensed data. Results have been incorporated i n  

twenty-four reports; the 23 Northwestern Reports and the one NASA Contrac- 

to r ' s  Report are l is ted i n  Table 1. 

generated i n  the course of this research program have been incorporated i n  

the scientific journal literature; specifically, thfs has been the case 

With the five ar t ic les  l is ted i n  Table 2. 

In addition, a large number of ideas 

In a continuing effort  t o  understand the nature of the spatial 

variability of scalar and direction attributes of materials at the 

lithosphere-atmosphere interface, a wide range of s-tatistical techniques 

has been aaalyzed i n  depth. Included were: 
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, 

Table 1 - reports  issued under research grant 

N. U. Report T i t l e  MSC Data Bank # STAR # 

8 

9 

10 

11 

12 

13 

Interim progress report  
3-31-65 

Semi-annual s t a tus  
r epor t 9 - 30- 65 

Semi-annual s t a tus  
report  3-31-66 

Aspects of geological 
sampling a t  test sites 

Preliminary d e t a i l s  of 
sampling locatiuns a t  
NASA Sonora Pass T e s t  
S i t e ,  California 

Semi-annual s t a tus  
report  9-30- 66 

S t a t  is t i c a l  problems 
involved i n  remote- 
sensing of the geology 
of the lithosphere- 
atmosphere interface 

NR-E6-EJ-998-00020 X66-18322 

NR-E9-00-000-00011 X66-21277 

NR-E8-EJ-019-00010 X66-21280 

NR-EbEJ-998-00030 - 

NR-09-00-000-00035 

The general l inear  
equation i n  prediction of 
gold content i n  Witwaters- 
rand rocks, South Africa NR-09-00-000-00036 

Semi-annual s t a tus  
report  3-31- 67 NR-E6- EJ- 998- 0003 5 N6 6- 8 14 71 

FORTRAN IV programs t o  
determine surface rough- 
ness i n  topography fo r  
the CIX: 3400 Camputer NR-09-00- 000- 00284 

A program for  the rapid 
screening of mult ivar ia te  
data from the ear th  sciences 
and remote sensing NR- 09- OO-OOO- 00052 

Two programs fo r  the fac tor  
analysis  of geologic data NR-E9-EJ-019-00067 N67-399 20 

The geology of the lower 
Precambrian rocks of the 
Champion-Republic area of 
Upper Michigan (NASA T e s t  
S i t e  126) NR-E9- GK- 126- 00068 N67-39848 
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Table 1 (Cont'd.) 

14 

15 

16 

17 

18 

19 

20 

21 
- 

22 

23 

The geochemistry of the 
Fremont Lake quartz mon- 
zonites and associated 
gruss, NASA Sonora Pass 
Geologic Tes t ,  S i e r r a  
Nevada, California 

Semi-annual s t a t u s  
report  

Variance of some 
selected a t t r i b u t e s  i n  
g ran i t i c  rocks 

FORTRAN I V  CDC 6400 
program t o  analyze sub- 
surface fo ld  geometry 

Semi-annual s t a t u s  
report  9-30- 68 

NR-E9- 00-000-00181 
(NASA- CR- 101747) 

NR-E8-00-000-00080 

NEt-E9 - GK- 1 2  6-0074 6 

NASA Geological Test S i t e  
11126 Marquet te-Republ i c  
Trough, Michigan: 
Report on photographic 
imagery obtained on 

Re 1 ic  t diagenetic textures 
and s t ruc tures  i n  regional 
metamorphic rocks , Northern 
Michigan (NASA Geological 

Mission 72, Hay, 1968 NR-E6-GK-126-00078 

T e s t  S i t e  #12 6) NR-EO- GK- 12  6- 00671 

A FaRTRAN IV program fo r  
two-d h e n s  ional auto- 
correlat ion analysis  of 
geologic and remotely- 
sensed da ta  NR-E9- 00- 000-00908 

A sequential  l i nea r  d i s -  
criminant analysis program 
f o r  geological and 
remotely-sensed da ta  NR-E9-00-000-01128 

Enigmas i n  assessing the 
canposition of a rock uni t :  
a case h is tory  based on the 
Malsburg Granite, SW Gennany 

N68-10180kCSCL*08D 

X68- 16119 

N 69- 3 0 68 6*#ePS TICL08G 

N69 - 13 5 68 

X69-10963 

N69- 12097*#CFSTICSCL08G 

NASA Contractor's 
Report T i t l e  

QR-328 A sur face- f i t t ing  program for areal ly-dis t r ibuted data  f ran  the ear th  
sciences and remote s e n s i n g b w h i t t e n ,  E. H. T., Krumbein, W. C., 
and Beckman, W. A., Jr., pp. 1-146. 
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Table 2 - Journal articles i n  which acknowledgement of 
NASA Research G r a n t  Funds made 

1967 - Whitten: Fourier trend-surfwe analysis i n  the geometrical analysis 
of subsurface folds of the Michigan &sin: 
Computer Contrib. no. 12, pp. 10-11. 

Ka,ns& Geol. Survey 

1969 - Whitten and Beckman: Fold geometry w i t h i n  past of the Michigan 
Basin, Michigan, USA: - Amer. Assoc. Petrol. - Geol. v. 53 
PP. 1043-57- 

1969 - Whitten and Beckmcur: Three-dimensional variability of fold 
~~ 

geometry i n  the Michigan Basin: ----3 -01. Soc. Amer. B u l l  v. 80, 
pp* 1629-34. 

1969 - Whitten: Trends in computer applications in structural geology: - i n  'Computer applications in the earth sciences' E d i t .  D. M. 
Merriam, Plenum Press, New York, pp. 223-49. 

1970 - Whitten: Orthogonal polynomLal trend surfaces for irregularly- 
spaced data: lhternat. Assoc. -- Math. Geol. Bull., v. 2, pp. 141-52. 
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Polynomial surface f i t t i n g :  both nonorthogonal and orthogonal 

polynanial methods f o r  i r regular ly-dis t r ibuted data  points 

Double-Fourier-Series surface f i t t i n g  fo r  i r regular ly-dis t r ibuted data.  

Two-dimensional autocorrelation analysis.  

Vegetation-density analysis .  

Nature and va r i ab i l i t y  of surface roughness i n  topography. 

Description and mapping of fold geometry i n  terms of sca la r  variables.  

Development of computer programs f o r  (a) rapid screening of mult ivar ia te  

data, (b) fac tor  analysis,  and (c) sequential  l i nea r  discriminant 

analyses. 

In the last fewmonths, par t icu lar  a t ten t ion  has been paid t o  spl ine 

functions and s p a t i a l - f i l t e r i n g  techniques; addi t ional  work on these 

methods is  planned a f t e r  conclusion of the present research grant. 

These and other statist ical  methods w e r e  used extensively i n  assessing 

the nature and v a r i a b i l i t y  of s ign i f icant  geological- tes t -s i te  variables;  

t h i s  has provided considerable ins ight  i n to  the complex nature of ground 

t ru th  and the intense complexity of the lithosphere-atmosphere interface 

tha t  is or  would be scanned by a remote sensor. A t  an ear ly  stage it  

became only too clear tha t  such apparently-sknple geological sites as 

Pisgah Craters and Sonora Pass are intensely complex i n  tenns of the 

sequential  images 'seen' by a sensor. In our f i r s t  report  (1965, p. 7), 

it was s ta ted  that:  

"In general, it would seem tha t  the severe statistical 
problems involved i n  es tabl ishing ground t r u t h  on the bas i s  of 
any form of remote sensing force the conclusion that a t  least 
one very simple test s i te  should be studied. Sampling a t  
Pisgah has already demonstrated tha t  the area is extraordinar i ly  
heterogeneous and s t a t i s t i c a l l y  complex . . . (I 
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In Report 3 (1966, p. 3) we wrote: 

"We have repeatedly emphasized tha t  remote sensing of 
geological ground t ru th  must be tackled as a multivariate 
s ta t is t ical  problem and t h a t  the main hope of in te rpre t ing  the 
atmosphere-lithosphere in te r face  by remote sensing is l i k e l y  t o  
come from obtaining d ig i t ized  data  from numerous sensors - f o r  
"calibration" purposes it is  e s sen t i a l  t h a t  the several sensors 
"look" a t  ident ica l  t a rge ts  . I '  

In June 1966 (N. U. Report 6, p. A - 1 )  we had t o  report  t h a t  we had been 

unable t o  acquire any remote sensor data  and i n  March 1967 (N. U. Report 9, 

p. 3) that: 

W e  w e r e  expressly requested not t o  became involved i n  I t  

developing remote-sensors, and not t o  overlap the work of other teams 
charged with compiling the '*ground-truth" of the  several NASA 
geological test sites. However, because of the continuing general 
lack of both remote-sensor data and re la ted  ground truth,  the 
Northwestern group has had t o  generate r a w  da ta  with which t o  test  
s ta t is t ical  m o d e l s . "  

Later (N. U. Report 15, May 1968, p. 6) it was  reported that:  

. . . the magnitude and importance of the sampling and statist ical  11 

problems have continued t o  be underestimated or ignored by most of 
the s c i e n t i s t s  working with the development of remote-sensing 
instruments. In  our previous reports,  it has been repeatedly 
emphasized that,  before any s igni f icant  use of remotely-sensed da ta  
can be ant ic ipated i n  the ear th  sciences, these sampling and 
s t a t i s t i c a l  problems must be thoroughly evaluared. A whole 
multitude of complex questions is involved. 

"The following remarks of Simonett (1966, p. 2) are wholly 
applicable t o  geology and t o  a l l  the ear th  sciences: 

"The most pressing present need i n  remote sensing i n  geography 
is  not the immediate development of newer, fancier  remote sensing 
devices. The fundamental problem remains t h a t  of learning haw t o  
in t e rp re t  and evaluate the information contained i n  d i f f e ren t  par t s  
of the electromagnetic spectrum using ex i s t ing  sensors." 

In  collaboration with the University of Nevada Team, we organized a 

project  i n  Ju ly  1967 t o  analyze a large volume of microwave data  obtained 

by the NASA aircraft f o r  the Sonora Pass geological test site, California.  

W e  set up the ground t r u t h  requirements fo r  a statist ical  analysis  but, 

unfortunately, due t o  pressure of work a t  other test sites, the Nevada team 

has not ye t  been ab le  to  generate the required ground-truth-data matrix, 
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although most ( i f  not all) of the necessary f ie ld  data were coUected i n  

1966. 

A of N.U. Report 15 and would serve as a guide for any rea l i s t ic  remote- 

sensing effort. 

t o  be the most promising for a practical  t e s t  of theoretical s t a t i s t i ca l  

models that we had been developing over the previous years. 

The exacting ground t ruth requirements were set  out in Agpendix 

The Sonora microwave and ground t ruth data appeared 

Because of the obvious potential and ixqortagce of structural 

analysis based on r&m imagery, the Northwestern team initiated work 

in the Maxquette-Republic Trough, Upper Michigan - an area of great 

economic and structural interest. 

mapped on the ground w i t h  those seen in radar imagery. 

determined efforts on the part of the Northwestern University team, 

radar imagery has s t i l l  not been provided by the W A  aircraft ,  although 

photograghic imagery was event- sqpplied t o  us and reported upon 

i n  our reports. 

The main hgpe was t o  comipare structures 

Despite repeated, 

On June 7, 1968, Dr. John Porter (NASA E$, Washington, D.C.) 

suggested that the Northwestern University team should evaluate the 

current status of the whole NASA remote-sensing program as applied t o  

the geological sciences - particularly as assessed in the light of our 

contribution t o  NASA objectives over the previous few years. After 

reviewing statements made by us (a) at numerous 

conferences and (b) in Northwestern University Reports (see Table 1), 

it was  dif f icul t  t o  do anYt;hing but reiterate the same basic points. 

The conclusions developed at that tine (N.U. R e p o r t  18, pp. 4-9) are 

restated here, as they s t i l l  reflect  a s 

eqperience and position. 

sidered carefully before p l  

-sponsored test-site 

y and synthesis of our 

The points raised should, i n  OUT view, be con- 

new remote-sens 
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"There are several  t o t a l l y  diss imilar  approaches t o  the 
remote-sensing program: three may be summarized as follows. 

1. Empir ical  approach involving mult ivar ia te  statist ical  

analysis of carefu l ly  collected,  but current ly  unavailable, 

- data. 

'Dur basic  philosophy has been and s t i l l  is that ,  i f  any 
s igni f icant  success is t o  be made with remote sensing f o r  
geological purposes, the whole subject must be t reated 
i n i t i a l l y  as a mult ivar ia te  statist ical  problem. In practice,  
each sensor (using a small pa r t  of the t o t a l  electro-magnetic 
spectrum) measures hundreds of a t t r i b u t e s  (e .g., one a t t r i b u t e  
would be the amount of energy of a specif ied wave length 
emitted). The so le  reason f o r  the remote-sensing research 
program is tha t  we do not know which s ingle  a t t r i b u t e s  or which 
canbinations from amongst the thousands of a t t r i b u t e s  tha t  
could be measured, permit accurate predictions t o  be made about 
the nature of a par t icu lar  sensed target .  

"Similarly, each narrowly-def ined geographic domain (or 
sensed t a rge t )  can be described accurately i n  terms of 
thousands of quant i ta t ive  and qua l i ta t ive  variables.  
s c i e n t i f i c  and/or i n tu i t i ve  judgments can be made about which 
of these variables are most l i k e l y  t o  be s igni f icant  f o r  
sensing experiments, it remains tha t  one does not know posi t ively 
which "ground truth" a t t r i b u t e s  control  the observed remotely- 
sensed data. It is  not known haw t o  measure many (possibly 
m o s t )  properties of "ground truth" and very l i t t l e  is known 
about the several  l eve ls  of variance of each variable involved. 

Although 

"Various standard s ta t is t ical  techniques are avai lable  t h a t  
would readi ly  permit the s ign i f icant  sensed variables t o  be 
ident i f ied  and correlated with meaningful a t t r i b u t e s  of the 
sensed target .  However, t o  implement a program t o  do t h i s  would 
involve extensive experiment. Unfortunately, i n  order t o  
determine how t o  sample, i t  is  almost always necessary t o  
conduct a preliminary sampling program t o  dPscover the "behavior" 
of the variables of i n t e re s t .  

"In the present context, implementation of a successful 
remote-sensing program has three basic requirements. Over the 
past  four years, we have res ta ted  these many times but, t o  
date, e s sen t i a l ly  no attempt has been made t o  include them i n  
ongoing plans. Until  such time as they are incorporated i n  
same basic  NASA programs, i t  seems t h a t  the remote-sensing 
program w i l l  achieve, a t  best ,  l imited success. The 
requirements are: 

(a) Condwt a t  least one (preferably more) experiment 
on a geologically very simple, small geographic 
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area; although chosen as being geologically-simple 
test s i t e s ,  places such as the Pisgah Craters and 
Sonora Pass Test S i t e s ,  Cal i fornia  are horrendously 
complex. A t  an ea r ly  s tage i n  the program, we 
repeatedly advised cap i t a l i z ing  on the knowledge 
gained f r m  Pisgah Craters, but  t o  abandon the s i t e  
i n  favor of a much more simple location. 
i n  f a c t  dozens of much more complex geological 
test sites have been incorporated i n  the NASA 
program and almost a l l  have received less rigorous 
study than the or ig ina l  Pisgah site. 

However, 

(b) U s e  as many sensors as possible, r e t a i n  the or ig ina l  
r a w  da ta  f o r  each smallest possible  sector  of the 
electro-magnetic spectrum, and insure t h a t  each 
sensor concmi tan t ly  sense precisely the same area 
on the ground f o r  each in tegra t ion  time of the 
several  experiments; i n i t i a l l y ,  t h i s  might involve 
use of hel icopters  r a the r  than a i r c r a f t  fo r  carrying 
the sensors. Because of the immense v a r i a b i l i t y  
of t e r r e s t r i a l  t e r ra in ,  i n i t i a l  experiments conducted 
i n  any other manner w i l l  automatically introduce 
complexities t ha t  i t  is  probably -@possible t o  screen 
out. The geological remote-sensing program is an 
exc i t ing  long-term research problem, but some of 
the necessary basic  research could readi ly  be done 
now (and could have been done durLng the past  four 
years).  However, currently,  da ta  do not e x i s t  
t h a t  would allow even a p i l o t  study t o  be conducted 
along the l i n e s  indicated.  

(c) Obtain d ig i t i zed  da ta  f r m  sensors; photographic- 
type da ta  can theore t ica l ly  be reduced t o  d i g i t a l  
form but the process introduces an addi t ional  
complexity tha t  can only hinder the f i r s t  r e a l i s t i c  
statist ical  analyses. 

2. Theoretical  approach throuRh simulation s tudies  t h a t  would 

permit (a) mathematical models t o  be pearerated to predic t  

in te rac t ion  responses (b) commrison of actual 

remote-sensing experimental r e s u l t s  with predict ions 9 

provide a bas is  f o r  checking, modifying and f i n a l l y  

adopting 2 par t i cu la r  model. 

"With increasing use of casnputers i n  the geological sciences, 
considerable i n t e r e s t  has developed i n  simulation s tudies  during 
the past  two or three years. Several elementary cmputer-based 
simulation s ies @.g., basin sedimentation models) have yielded 
considerable insight  i n to  the ac tua l  geological processes t h a t  
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have occurred i n  nature. 
ro l e  i n  a complete remote-sensing program f o r  terrestrial resources. 
It is  of great fn t e re s t  tha t  Dr. Larsen of the NASA Electronics 
Research Laboratory, Cambridge, is ac t ive ly  foster ing simulation 
s tudies  of the atmosphere and hydrosphere in  order t o  develop 
understanding of electro-magnetic responses during sensing 
experiments. 
l i thosphere i n t e r f a c i a l  zone and t o  i ts  interact ion with electro-  
magnetic waves would be a long-term project  invaluable t o  the 
terrestr ia l - resources  program. 

Simulation could a l s o  play an important 

A program devoted t o  simulation of the atmosphere- 

3. Continue to develop independently a l o t  of tools  and apparatus, 

continue t o  test these independently, and hope t h a t  gua l i t a t ive  

- and semi-quantitative appraisal of the r e s u l t s  w i l l  permit 

worthwhile conclusions to material ize .  

"The individual experiments may be the bes t  possible but, i f  
developed i n  t h i s  context, much of t h e i r  inherent value would or  
could be lost'. For the pas t  100 years geology has advanced i n  
t h i s  manner -- a manner tha t  can be, not inappropriately, campared 
with Victorian natural  historianism -- but, over the past  decade, 
geology has s t ead i ly  begun t o  be transformed in to  a rigorous 
s c i e n t i f i c  d i sc ip l ine  tha t  is subject t o  quant i ta t ive and 
qua l i t a t ive  tes t ing.  

'I Basically, and again we reiterate, the fundamental problem 
concerns unequivocal def in i t ion  of objective. 
re-made by analogy with some geological "research." 
many a student has gone out i n t o  a new area, worked vigorously, 
and col lected a l l  s o r t s  of information about, say, mineralogy, 
fossil echinoids, eskers, Precambrian amphibolites, imbricate 
pebbles, etc. within h i s  area.  After an exhausting summer, he has 
returned t o  the laboratory t o  "shake" and "massage" h i s  data i n  
the earnest  hope t h a t  some valuable resu l t s ,  conclusions, and a 
Ph.D. thes i s  w i l l  f i l t e r  out. If something falls out, i t  c lear ly  
defines the objective: Alternatively, and more r e a l i s t i c a l l y ,  a 
clearly-defined objective is developed a t  the outset  of the 
research ( in  terms of clear unequivocal operational def in i t ions) ,  
and solut ions t o  the sc ien t i f ica l ly-s ta ted  problems are obtained. 

The point w i l l  be 
In  the past  

Again re i te ra t ing ,  it seems t o  us t h a t  the short-term and (1 

long-term objectives of the terrestrial resources remote-sensing 

IThis generalization has been de l ibera te ly  samewhat overstated. 
It is recognized c l ea r ly  that some sensors (g.~., some side- 
looking radars) already have tremendous deminstrated poten t ia l  
i n  t h e i r  awn r igh t .  Nevertheless, even f o r  such sensors, it 
is maintained that the claims i n  t h i s  paragraph are valid.  
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program require  c l ea r  and unambiguous def in i t ion ;  as experience is 
gained, the objectives may require  same minor modification, With 
such def in i t ion ,  the resources avai lable  could be spec i f ica l ly  
oriented towards the goal. Without such objectives, technical 
resource use cannot be optimized and it would only be by "shaking" 
the assembled haphazard r e s u l t s  tha t  the econmnically-significant 
"prize" m i g h t  f a l l  out. 

Summary: 

"Thus, the def in i t ion  of objectives is  long-overdue. The long- 
term approach should aim a t  the simulation approach t o  insure an 
adequate understanding of the physical pr inciples  involved. Of 
immediate importance would be implementation of a program t o  
cap i t a l i ze  on the empirical approach; such an approach could be 
expected t o  secure usable r e s u l t s  i n  a r e l a t ive ly  short  time provided 
t h a t  the three points (a, by and c) referred t o  above are included 
as an in tegra l  par t  of the program. It is believed t h a t  def in i t ion  
of the objectives f o r  the  terrestrial resources remote-sensing 
program w i l l  necessarily involve incorporation of these three 
points (despite the f a c t  that ,  f o r  convenience, everyone has 
studiously avoided recognizing them i n  f a c t  over the past four 
years) .'I 



-12- 

CONTINUING WORK AREALLY-DISTRIBUTED DATA 

by Walter A. Beckman and E. H. Timothy Whitten 

A t  t h i s  time of termination of the NASA Research Grant, a 

study is underway u t i l i z i n g  s p a t i a l - f i l t e r i n g  methodology fo r  

analyzing the structural configuration of the top of the Dundee 

Limestone i n  a p a r t  of the Michigan Basin. Previous s t r u c t u r a l  

analyses of t h i s  surface have been made by Whitten and Beckman 

(1969) and Beckman and Whitten (1969) using polynanial and, for 

the  most par t ,  Double-Fourier-Series trend surfaces.  This study 

was  i n i t i a t ed ,  i n  e f fec t ,  t o  canpare the m e r i t s  of three types 

of mathematical models f o r  analyzing the same area l ly-d is t r ibu ted  

da ta .  

start t o  canprehend the spatial f i l t e r i n g  procedures described 

by Robinson (1968, 1969, 1970); Robinson, Charlesworth, and 

Kanasewich (1968) ; Robinson and Charlesworth (1969) ; and Robinson, 

Charlesworth, and E l l i s  (1969). 

A considerable expenditure of time was required a t  the 

It must be pointed out t h a t  there is a primary difference i n  

the three numerical procedures. 

methods are designed f o r  f i t t i n g  the "best" mathematical surface 

t o  the avai lable  data  and an operational decision must be made as 

t o  the order surface which bes t  expresses the ex i s t ing  trend 

(Chayes, 1970). 'Ihe residual  values indicafze the deviations of 

the da ta  from the cmputed surface. Spa t ia l  f i l t e r i n g  of data  

is car r ied  out t o  emphasize fea tures  having a pa r t i cu la r  range of 

wavelengths while suppressing a l l  others  i n  an  area. From an 

estimate of amplitudes of ex i s t ing  s p a t i a l  frequencies, the operator 

generates a f i l t e r  which i so l a t e s  the s t ruc tures  having dimensions 

Polynanial and Fourier Ser ies  
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considered t o  be s igni f icant  t o  the par t icu lar  study. 

properly-designed f i l t e r ,  the average elevat ion of the map area 

is  eliminated from the f i l t e r e d  output. 

With a 

The problem inherent i n  the use of spatial f i l t e r i n g  is the 

necessity of working with gridded data  (Whitten, 1969). It was 

evident from our previous work tha t  use of manual contours as a 

bas is  f o r  interpolat ion can impart a s igni f icant  operator bias  t o  

the subsequent mathematical model. 

the e f f e c t  of t h i s  bias  i n  the maps generated by each of the 

numerical methods, two operators hand contoured and d ig i t ized  the 

same irregularly-spaced subsurface elevations of the top of the 

Dundee Limestone. These two da ta  sets were subjected t o  numerical 

ana lys i s  by each of the three methods. 

shown i n  Figures 1-3. 

In order t o  determine v isua l ly  

The resu l t ing  maps are 

It is evident i n  Figures 1 and 2 t ha t  f o r  the orders computed 

the polynanial and Fourier Series models of t h i s  par t icu lar  

s t r a t ig raph ic  uni t  are not s ign i f icant ly  affected by the d i f f e r ing  

data  sets. The s imi l a r i t y  of the mathematically derived trends 

appears t o  be such t h a t  operator bias  should have l i t t l e  influence 

on the conclusions drawn from the maps generated by e i t h e r  method. 

The bias  is re f lec ted  i n  the residual  values. 

There are, as expected sane apparent differences i n  the f i l t e r e d  

maps canputed f ran  the two sets of interpolated da ta  (Fig. 3). In  the 

western portion of the map area there is a d iss imi la r i ty  i n  s t ruc tu ra l  

grain which could be s igni f icant  t o  pa r t i cu la r  geological conclusions 

concerning the Dundee Limestone. The filter, i n  t h i s  instance, was 

designed t o  emphasize a s i ze  range of s t ruc tures  which are prominent 

petroleum reservoirs  in  t h i s  area of the  Michigan Basin. 



Operator Operator B 

Figure 1 . -  Fsm of degree 8 polynomial trend surfaces of top of Dundee Limestone i n  subsurface of portion 
o f  Michigan Basin. Computed from interpolated data o f  two operators us ing  the same i r regular ly  

ced original data .  

I 

P 



Operator B Operator A 

Figure 2.- Form of complete 3rd harmonic Fourier series trend surfaces o f  top of Dundee Limestone i n  sub- 
surface of portion o f  Michigan Basin. Computed from interpolated da ta  of two operators using 
the same irregularly spaced origina7 da ta .  



Figure 3 . -  Form of the filtered structural contours on top  of Dundee Limestone i n  subsurface o f  portion of 
Michigan Basin. 71 x 11 f i l t e r  used. Positive and negative structures w i t h  relief greater t h a n  45 
feet are shown. Computed from interpolated data of two operators using the same irregularly spaced 
o r ig ina l  data.  

Operator B 
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For t h i s  particular study the original subsurface data density 

i s  such that it would appear improbable that different operators 

could generate coqle te ly  different structural  trends over the 

map area using manual contours without violating the data, It 

seems likely, hawever, that with more sparsely distributed, 

irregularly-spaced data, subjective bias introduced by manual con- 

touring and interpolation could be a serious problem. It i s  dif- 

f icu l t  t o  just i fy  the  use of rigorous numerical methods for the 

analysis of data obtained i n  a substantially less-than-objective 

manner. It would seem more satisfactory i n  this situation if  

numerical methods would be used t o  obtain gridded data. 

interpretation should be minimized unt i l  the cowletion of the 

numerical manipulations 

Operator 

An investigation is being made of spline interpolation (Price 

and Simonsen, 1963; Bhattacharyya, 1969) as a more-rigorous method 

for obtaining gridded data. 

spatial filtering in all probability w i l l  be a more-effective tool  

for the analysis of geological data. 

particular value i n  analyzing data for remte-sensing purposes 

as w e l l  as for the routine work of the exploration geologist and 

geophysicist. 

With the  use of such a procedure, 

It m y  prove t o  be of 
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